The importance of animal baselines: using isotope analysis to compare diet in a British medieval hospital and lay population.
1. To establish whether the occupants of St. Giles consumed animal protein and fish and to 86 compare this with the dietary evidence from the lay site of Box Lane. 87 2. To investigate whether priests at the hospital may have consumed a diet which was 88 different to that consumed by the hospital inmates. 89 3. To confirm whether historical sources and archaeological evidence support or refute the 90 isotope ratio analysis findings about diet at St. Giles, Brough period based on isotope 91 analysis. 92 93 2 Diet in medieval hospitals and lay communities 94
The Diet of the Medieval Low Status Majority 95
Any investigation into population-wide dietary habits cannot avoid generalisations. What people 96 ate in medieval England on a daily basis depended on an individual's wealth, social status, age, 97 location and personal preference (Miller & Hatcher, 1980: 159) , as well as on seasonal 98 fluctuations in what was available (Dyer, 2006: 209) . For the lay majoritythat is, the typical 99 low ranking working family living in large villages or small townsdiet depended on available 100 resources and the level of family income. 101 102 Documentary sources which are used when determining the diet of the low status laity include 103 grain storage records (McCloskey & Nash, 1984) , the production and sale of field crops (Dyer, 104 1989:127; Campbell, 1997) , manorial inventories of the food supplied by lords to his labourers 105 (Bennett, 1937: 235) and information about wages, since workers were often paid in grain, bread 106 or pasture land for the purpose of animal husbandry (Penn & Dyer, 1990) . Caution must always 107 be exercised when referring to these sources which only record the food provisions bought and 108 stored. While they are the best sources available to the historian, such records do not accurately 109 depict what was actually consumed by the population, who may have foraged to supplement 110 their diet. 111
112
The low status laity probably ate meals which were rich in carbohydrates such as bread, pottage 113 (a grain based stew) and ale (Stone, 2006: 11; Yoder, 2012) . The quality and mix of the grains 114 consumed would depend on what could be afforded, and pulses such as peas or beans were 115 included in cheaper bread. Wheat was an expensive commodity, so while some bread had a small 116 proportion of the grains as wheat, wheat based ale was available only to the wealthy ranks of 117 society (Stone, 2006: 14) . Foraging and living from the land was an important supplement to the 118 lower status diet. Fruit, vegetables, nuts and berries are likely to have been gathered from kitchen 119 gardens and common land (Crackles, 1986) . For this reason, the high status ranks considered 120 fruit and vegetables to be the food of the poor, foraged from wherever they were available. 121 122 Protein in the lower status diet made up a very small proportion of meals, again because of 123 expense. Meat and fish would be consumed in small quantities, but to a much lesser degree than 124 those of higher social status (Bennett, 1937: 235) . Isotopic evidence from the analysis of bone 125 collagen of adults and children from Wharram Percy, Yorkshire indicated a small amount of 126 marine protein on the adult diet and estimated the weaning age of children to be c.2 years 127 . These findings match dietary trends identified in adults and children 128 from Medieval Fishergate House, York (Burt, 2013) . This suggests that the Medieval laity may 129 have attempted to observe religious fasting rules, but were more likely to supplement meat with 130 fish in fasting days. 131 132
The Diet of Hospital Inmates 133
Less is known about what food was consumed in medieval hospitals by the inmates who lived 134 there. Inmates were generally from poor backgrounds and the function of hospitals was not only 135 to provide care for the sick and disabled, but also to house the poor and elderly who could no 136 longer care for themselves (Orme & Webster, 1995: 57-64; Roffey, 2012) . It would seem logical 137 then that the diet of these inmates might have resembled the carbohydrate rich diet of those at the 138 lower end of the social spectrum prior to admittance to a hospital. However we consider that 139 hospitals formed separate social group in their own right. The hospital communities were closed, 140
given that once inmates were admitted they were unlikely to leave during their lifetime. The 141 bequeathal of property or payments of fees, either by the inmates or by a third party, could 142 ensure a place in the hospital for as long as it was required (Rawcliffe, 1984) . Therefore, 143 estimation of the diet in hospitals cannot be based solely on what the equivalent social rank 144 would have consumed outside of the institution. 145 6
The best sources there are of diet and lifestyle within the hospitals are from the founding charters 147 which dictated the rules by which the hospitals would be run. The hospitals were owned by the 148 Catholic Church, so these rules were based on Christian values, and religion dictated almost 149 every aspect of life inside a hospital. The founding charter from St Giles, Norwich dictates a 150 daily regime of prayer and mass and includes instructions for the priests and brethren who 151 looked after the institutions to also work in the community helping the poor (Rawcliffe, 1999: 152 appendix 1). Detailed in the charter is the order to follow the dietary regulations set down by St. 153 Augustine which dictated a period of fasting and abstinence from meat during holy days 154 (Rawcliffe, 1999 : appendix 1). Interestingly, this rule only alludes to the priests and brethren of 155 St Giles, Norwich, and no mention is made of the dietary requirements of the inmates. It can only 156 be speculated that because so much of the way of life in hospitals was dictated by religious rule, 157 that there may have been some expectation for the inmates who benefitted from the institutions' 158 care to lead a religious lifestyle. The inmates relied on the hospital to feed them as well as house 159 them; therefore it is very probable that the diet prescribed to those in the care of the church 160 owned hospitals followed the same rules as the order which governed them. 161 162 Past research utilising stable isotope analysis has shown that religious communities consumed a 163 diet rich in fish. For example, Polet and Katzenburg (2003) found evidence that 12 th to 15 th 164 century monks, lay brethren and children in a Belgian monastery consumed marine fish and 165 possibly also freshwater fish. Furthermore, Mays (1997) found that there was a significant 166 difference between stable isotope measurements of seven groups of monastic and lay individuals 167 from the North of England which was attributed to fasting. It could be argued that the residents 168 of a Medieval hospital would have likely consumed a similar diet because of the connection with 169 the Catholic Church, however, there is a lack of research which utilises stable isotope analysis to 170 investigate this hypothesis. 171 172
St Giles, Brough and Box Lane, Pontefract 173
The hospital of St. Giles, Brough in North Yorkshire was recorded as in use from c.1181 AD to 174 1428 AD (Cardwell, et al., 1995) . There is documentary evidence which suggests that the 175 hospital may have been an institution for individuals with leprosy, however as few as three 176 individuals recovered from the associated cemetery displayed skeletal indicators of the disease 177 (Cardwell, et al., 1995) . Hospitals in the medieval period served a different function to todays' 178 institutions which focus solely on treating illnesses and disease. Medieval hospitals were open to 179 the sick, but also to the elderly, the poor and to travellers needing temporary respite before 180 moving on (Roffey, 2012) . Illness and disease was treated with a combination of prayer and 181 careful adjustments to the diet in order to rebalance the four humours (blood, phlegm, yellow 182 bile and black bile) which was believed to be the cause of sickness if this balance was disturbed 183 (Rawcliffe, 1999: 176) . The inmates of a medieval hospital were likely to remain within the 184 institution until their death, and were buried in the hospitals' own associated cemetery. Bradford. It was estimated that between 25% and 66% of the individuals from the cemetery were 190 recovered from the site, which is presently a series of earthworks which remain from the original 191 hospital buildings (Cardwell, et al., 1995) . The skeletal population was noted in the unpublished 192 skeletal report as having a high prevalence of skeletal pathology (Chundun, 1992) . A large range 193 of skeletal pathologies were recorded including leprosy, osteoarthritis, cribra orbitalia, a high 194 prevalence of non-specific inflammation, with osteoarthritis being prevalent in the sample. This 195 is unsurprising, given that the majority of the population were probably long-term inmates of the 196 hospital. Two individuals were identified as priests as indicated by the presence of a chalice and 197 paten in their graves. One of these was notable for having a slipped capital femoral epiphyses 198 and secondary osteoarthritis (Knüsel, et al., 1992; Cardwell, et al., 1995) . Priests would have 199 lived at the hospital and been charged with the care of the inmates. The bone preservation 200 throughout the population was variable, and only individuals which were recorded as having 201 'good' bone preservation were considered for inclusion in the study sample. Giles and Box Lane. At St. Giles, the largest meat contributor to the hospital diet by calculation 229 of meat weight was found to be cattle (79%), followed by sheep (13%) and finally pork (8%) 230 (Cardwell, et al., 1995) . A remarkable fact of the St. Giles faunal assemblage is the almost 231 complete lack of fish remains. Given the proximity of the hospital to the River Swale, and the 232 practice of substituting meat for fish on holy fasting days, it would be expected that evidence of 233 fish consumption at the the site would be evident. In fact, very few fish remains were recovered 234 despite sieving being employed as part of the excavation process. The excavator concluded that 235 either very little fish was consumed at St. Giles, or that food waste may have been disposed of 236 away from the hospital (Cardwell, et al., 1995) . 237 238 At Box Lane, the faunal assemblage revealed interesting details regarding the structure of the 239 community. Typical animals raised for food and clothing such as cattle, sheep or goat and pigs 240 were found alongside higher status prime meat animals such as fallow deer and fowl. Evidence 241 of trade was also discovered in the form of worked goat horn cores (Richardson, 1999) . This 242 collection of typical animals consumed by the lower status majority, highly prized high status 243 animals and the remains of a mid-status trade on the site implies that Pontefract was a socially 244 diverse community. Evidence of fish consumption is not confirmed in the faunal assemblage. 245
There is no mention of fish remains in the animal bone report, however sieving is unlikely to 246 have been practiced on the site since the excavation was undertaken with some haste (Boylston, 247 1991) . Is it therefore possible that any fish remains present on the site could have been 248 overlooked. 249 250 Interpretation of the dietary implications of seeds and pollen presents issues of accuracy. 'Food 251
weight' models such as those employed to calculate the weight of meat consumed from an 252 individual or assemblage of animals cannot be employed with seeds and pollen due to issues 253 with sample biases caused by preservation, recovery and interpretation of the remains (Reitz & 254 Scarry, 1985) . Instead, the general quanification of seed samples can form tentative dietary 255 implications for a site. 256 257 Charred seed remains were not recovered from Box Lane, but were recovered at St. Giles. Cereal 258 grains formed 53% of the total sample recovered from St. Giles and of this, 42% of the cereal 259 was wheat, 37% was oats and 14% was rye (Cardwell, et al., 1995) . It can be assumed then that 260 these particular grains formed part of the cereal diet at the hospital, and cautiously assumed that 261 wheat and oats were the main cereal contributers to the grain portion of the diet. 262 London (n=16). The two batches measured at the different laboratories were made up of 290 randomly selected samples from both sites. A t-test showed that there was no significant 291 difference (p>0.05) between the two batches, indicating that the laboratories produced 292 comparable results. The results were reported in the delta notation (δ), and are expressed in 293 relation to international standards V-PDB for δ 13 C and AIR for δ 15 N. Age and sex data was 294 taken from pre-existing reports (Boylston, 1991; Lee, 1991; Chundun, 1992) ; these were 295 estimated following a variety of methods (Banks 1934 Certain assumptions about diet at St. Giles and Box Lane can be made based on the stable 337 isotope measurements, however caution must be exercised when comparing potential dietary 338 differences between the two sites because of differences observed between the faunal baselines. 339 Some of the human δ 13 C and δ 15 N measurements from St. Giles are more enriched in comparison 340 to the majority of human measurements at Box Lane (fig 2) ; this is often interpreted as a 341 difference in diet between two populations. However, there are also differences in the isotope 342 measurements of the herbivore baselines at each site (fig 3) . Box Lane shown by a t-test. P<0.001 for both carbon t(54)=3.842 and nitrogen t(53)=-3.557 378 results), these differences cannot necessarily be attributed to differences in dietary habit. In this 379 case, the faunal baseline is crucial for determining whether direct inter-population comparisons 380 of isotope data are possible. While we have shown that it is not, it can be cautiously asserted that 381 there is at least some difference in the variability of the diet at the two sites. The δ 13 C results for 382 Box Lane shows a terrestrial C3 influenced diet which was typical in the medieval period. The 383 range of δ 13 C results is very small, with the data having a standard deviation of 0.47, indicating 384 little variation in the plant protein consumed and very little or no marine input. This is surprising, 385
given that although fish remains were not recovered, the archaeozoological evidence from the 386 site suggests that the individuals living near Box Lane ate a diverse diet and were probably a 387 socially or geographically diverse population. At St. Giles the range of δ 13 C results is higher, 388 with a standard deviation in the data of 0.81, indicating that diets at the hospital were more 389 isotopically diverse, possibly reflecting diverse social backgrounds, or different durations of 390 confinement at the hospital. This could indicate that social distinctions between individuals were 391 implied through the quality of the diet. Given that we already know that the plant protein input in 392 a medieval diet was quite limited in variety, we argue this larger range is due to varying levels of 393 dietary fish input. 
Conclusion 415
The fundamental outcome of this research is that even where isotope faunal baselines have been 416 carefully considered, there may be isotopic differences between two sites which prevents a 417 confident conclusion about human diet. Even when criteria such as the distance between sites, 418 the geology of the sites and the environment in which fauna resides are considered (as was the 419 case for St. Giles and Box Lane) the baselines may not appropriately complement each other. 420
We would, therefore, recommend that caution is exercised when comparing the bone collagen 421 stable isotope values of humans from distinct populations. 
